The contents and distribution patterns of rare earth elements (REEs) in coals of different geological periods from Chongqing were studied. The results show that the REE content in coals from Chongqing is 165 µg/g, much higher than that of the common Chinese coals, US coals, and the worldwide coals. The concentration of LREE is much higher than that of the heavy ones. However, the ratio of LREEs to HREEs is only 5.11, much lower than that of the ordinary coals from China. There are two types, A and B, of distribution pattern of rare earth elements in coal. The main distribution pattern is A. The distribution pattern of rare earth elements in Sinian and Cambrian stone coals and Early Permian coals is B, and it is dominated by A and followed by B of the Late Permian and Late Triassic coals. In addition, sequential chemical extraction experiments indicated that silicate association dominates the modes of occurrence of REEs in coals from Chongqing.
INTRODUCTION
It is academically significance to study rare earth elements (REEs) in coal owning to their stable geochemistry characteristics and being considered as indicators for coalforming origin [1] [2] [3] [4] . Some studies had investigated concentration, distribution, and origin of rare earth elements in coal [4] [5] [6] [7] [8] [9] [10] . The concentration of rare earth elements is relatively low in coal and it is difficult to be directly used, for example, Valkovic [11] estimated the total concentration of rare earth elements in coal is 46.3 µg/g; the total concentration of rare earth elements in US coals is 62.1µg/g [12] ; Dai et al. [13] estimated the total concentration of REEs in ordinary Chinese coals is about 120 µg/g [13] . However, rare earth elements can be significantly enriched in coal ashes and coal washing products, and could be economically utilized [12] . In this study, we reported the new REE data of coals form Chongqing, southwestern China.
GEOLOGICAL SETTING AND STUDY METHODS
The coal-bearing strata in Chongqing include the Early Permian Liangshan Formation (P 1l ), the Late Permian Longtan Formation (P 2l ), Late Triassic Xujiahe Formation (T 3x ), and Early Jurassic Zhenzhuchong Formation (J 1zh ). The main coal-bearing strata, Longtan Formation and Xujiahe Formation were widely distributed in Chongqing.
In term of Chinese National Standard (GB482-79), coal channel samples were collected according to the distribution of coal resources [14] . A total of 39 samples were taken, including two Sinian and Cambrian stone coals, three coals of Early Permian Liangshan Formation, one coal sample of Early Permian Gufeng Formation, seven Late Permian coals, twenty-two Late Triassic coals, and four Early Jurassic coals. Instrumental neutron activation analysis (INAA) is used to determine concentrations of rare earth elements in coal. The samples were crushed to 200 mesh. The instrument is produced by Ortec Company, and the samples were exposed to a neutron flux of 4 10 13 n/cm 2
• s for 8 hours. Table 1 shows the concentration and distribution of rare earth elements in coals from Chongqing, as well as REE concentrations in the ordinary coals from China. It can be seen that the total REE concentration varies from 40 µg/g to 390 µg/g, with an arithmetic mean 165µg/g. Compared with REE concentration in the common coals from China as reported by Dai et al. [13] , the REE concentration in Chongqing coals is a little higher, and it is much higher than that in US coals and the world ordinary coals, and similar to that in shales from north America, as reported by Finkelman [12] , Valkovic [11] , and Wang [15] . The concentration of the light rare earth elements is higher than the heavy ones, which is in accordance with the general distribution of rare earth elements in coals [16] [17] [18] . The relative higher concentration of light rare earth elements is probably attributed to the higher LREE concentration in the crust and the strong ability of soluble complex formation of HREE [17] [18] [19] [20] [21] [22] . The ratio of LREE to HREE (L/H) in coal is only 5.11, which is much lower than that of the common coals from China and coals from North China, 41.16 and 43.24, respectively. The study shows that the distribution patterns of REEs from Sinian and Cambrian stone coals, and Early Permian coals are B type. The main coal-forming periods are Late Permian and Late Triassic periods, and their REE distribution patters are A type and B type, respectively. The main distribution patterns of coals from all over Chongqing are A type. It is also can be seen that the concentrations of REEs in coals of different coal-forming periods and different coalfields are significantly different; however, the distribution patterns are similar, indicating the similar depositional environment and epigenetic evolution of coals and that the REEs fractionation was not influenced during diagenesis. 
RESULTS AND DISCUSSION a. REE content in coal

b. Distribution patterns of rare earth elements in Chongqing coals
c. Modes of occurrence of rare earth elements in Chongqing coals
It is generally considered that there are three modes of occurrence of rare earth elements in coal: organic, independent mineral, and isomorphism [23] [24] [25] [26] . Detailed studies by Dai et al. [24] [25] [26] showed that modes of occurrence of rare earth elements are dominated by silicate state, and the content of water soluble and exchangeable is very low. Different sedimentary environment influenced the fractionation of rare earth elements in coal, and the same sedimeanry environment influenced the fractionation of rare earth elements in different lithology (mainly coal, roof and floor) [27, 28] . Based on the procedure designed by Dai et al. [4, 24] , the modes of occurrence of rare earth elements are classified into six states: water soluble state, exchangeable state, carbonate state, organic state, silicate state, and sulfide state. The method of sequential chemical extraction is present in Table 2 . Table 3 showed the results of the sequential chemical extraction of a coal sample from the Late Permian Longtan Formation. It can be seen that rare earth elements are mainly distribute in silicate state, followed by organic matter, and the REE content in water soluble and exchangeable state are very low. The results are in accordance with many reported data, showing that detrital material play a very important role in the modes of occurrence of rare earth elements in coal [12, 16, 18, 27] . 
CONCLUSIONS
(1) The concentration of rare earth elements is enriched in Chongqing coals, varying from 40 µg/g to 390 µg/g, with an arithmetic mean of 165 µg/g, and it is higher than that of ordinary coals from China, ordinary US coals, and the world coals. The concentration of LREE is much higher than that of the heavy ones. However, the ratio of LREEs to HREEs is only 5.11, much lower than that of the ordinary coals from China. (2) There are two types, A and B, of distribution pattern of rare earth elements in coal.
The main distribution pattern is A. The distribution pattern of rare earth elements in Sinian and Cambrian stone coals and Early Permian coals is B, and it is dominated by A and followed by B of the Late Permian and Late Triassic coals. (3) The modes of occurrence of rare earth elements are dominated by silicate state.
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